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Abstract. This paper describes new results on the iden- 
tification of the complex gravitational lens responsible for 
the double quasar Q2345+007. A gravitational shear field 
was detected recently about 45" away from the QSO, cen- 
tered on an excess of faint blue galaxies. The redshift dis- 
tribution is still unknown, so the mass and the photomet- 
ric properties of the deflector are still a matter of debate. 
We present deep photometric data obtained in the near-IR 
(J and K'), which are used together with preexisting opti- 
cal BRI photometry to build spectral energy distributions 
for all the objects of the field, and to derive a photomet- 
ric redshift estimate by comparison with synthetic spec- 
trophotometric data. We propose a statistical method to 
analyse the redshift distribution, based on the cumulative 
histogram of the redshift ranges allowed for the different 
objects. An excess of galaxies at a redshift of z ~ 0.75 
is clearly detected in the field of Q2345+007, with a 2D 
distribution showing a maximum located at the center of 
the weak shear field. Besides, the redshift inferred for this 
cluster is also compatible with that found for an absorp- 
tion system in the spectrum of the B component of the 
quasar. We interpret this overdensity of objects as a dis- 
tant cluster of galaxies responsible for the gravitational 
shear field. Two other redshift concentrations are studied: 
z = 0.28 which corresponds to the spectroscopic redshift of 
three galaxies but for which no strong excess of objects is 
identified, and z ~ 1.2, where an excess of galaxies is also 
detected, but with a rather smooth 2D distribution over 
our field of view. We also discuss the existence of other 
possible excesses of galaxies at redshift planes compati- 
ble with the absorption systems detected in the spectra of 
the QSOs. Most cluster-member candidates at z ~ 0.75 
are undergoing a star-formation process or are burst sys- 



tems where the star formation stopped between 1 and 3 
Gyr ago. 
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1. Introduction 

Since its discovery (Weedman et al. 1982), the nature of 
the double quasar Q2345+007 has been a controversial 
matter. The spectra of both quasars and their redshifts are 
very similar (z = 2.15), therefore the gravitational lensing 
hypothesis was suggested at once (Foltz et al. 1984). The 
distance between the two quasars is 7.1", a value so high 
to be explained by a single galaxy deflector that Subra- 
manian & Chitre (1984) suggested a double lens model. 
The best model they found was that of a galaxy in the 
central part of a cluster at a redshift close to 1. Neverthe- 
less, the first deep visible images of the field did not show 
any trace of a lens candidate around the two images of 
the QSO (Tyson et al. 1986). This negative result leaded 
Tyson et al. to conclude that the mass to light ratio for 
the lens might be at least 1000, a value which is compat- 
ible with the hypothesis of a massive halo of dark matter 
suggested by Narayan et al. (1984). Conversely, Steidel & 
Sargent (1990) and Weir & Djorgovski (1991) concluded 
that the double quasar is probably a physical pair. Nev- 
ertheless, after a careful analysis of both spectra, Steidel 
& Sargent (1991) showed that they are really similar in 
many respects (the redshift, the emission lines as well as 
the absorption lines) and they definitely favour the grav- 
itational lens hypothesis. Besides, the metal absorption 
systems identified in both spectra, at redshifts ranging 
from z = 0.754 to z — 1.98, allow to suspect the presence 
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of lens candidates at these redshifts. The close neighbour- 
hood of the quasar was also studied in the near IR, up 
to a magnitude K' = 20, in a recent paper by McLeod et 
al. (1994), but the detection of a lens candidate was still 
negative. 

All the works reviewed before to search for the lens 
deflector assume implicitely that the main deflector must 
be located close to the two QSO images. In a different 
approach, Bonnet et al. (1993) reported the detection of 
a shear field due to the weak gravitational distortion of 
the background sources by a mass distribution compati- 
ble with that of a cluster of galaxies. Its center is located 
about 45" away from the double QSO, close to two bright 
galaxies identified at a redshift of z — 0.28. Moreover, 
several arclets candidates were also identified, reinforcing 
the hypothesis of a strong deflecting mass. Deeper opti- 
cal imaging confirmed the suspected excess of faint blue 
galaxies associated with the lens (Mellier et al. 1994, Fis- 
cher et al. 1994). All these authors argued that its red- 
shift could be higher than 1 because of the low surface 
brightness and color indices, and even as large as 1.5 if 
the excess is associated with the absorbing systems of the 
QSOs. But a precise value for the redshift cannot be in- 
ferred from their observations. A secondary small clump 
of blue galaxies was found close to the double quasar. As 
there are absorption lines in the spectra of both quasars 
at z = 1.49, this value for the redshift was considered as 
the most convincing one. 

The galaxies in excess in the field of Q2345+007 are 
so faint that they are hardly observable in spectroscopic 
mode, and the redshift estimate of the deflecting agents 
is still a matter of debate. In this paper, we propose a 
different approach by using deep near-IR J and K' pho- 
tometry of the field in complement of the existing deep 
B,R and I photometry. We show that from this spectral 
information, which covers a wide wavelength range, and a 
careful analysis of the photometric errors, it is possible to 
infer a more constrained 'photometric redshift for each ob- 
ject in the field. The observed spectral energy distribution 
(hereafter SED) is compared with the predictions for dif- 
ferent redshifts and spectromorphological types of galax- 
ies. If detectable, a cluster along the line-of-sight must 
appear as an excess of objects at a particular value of 
the redshift distribution with respect to an empty field. 
A discussion about the properties and limits of such a 
photometric-redshift technique can be found in previous 
papers by Couch et al. (1983) and Ellis et al. (1985). Re- 
cently, Belloni et al. (1995) have applied successfully a 
similar photometric method to study the population of 
galaxies in a distant cluster at z = 0.41. Although the 
photometric redshift has limitations in the case of indi- 
vidual objects, we show that the method can be applied 
successfully to detect an excess of objects at a given red- 
shift through a statistical analysis of the photometric red- 
shift ranges allowed for the different objects in the field. 



This is the basic principle of the method we apply on the 
field of Q2345+007. 

The outline of the present paper is the following. In 
the second section, we briefly summarize the photometric 
data. The data reduction and the construction of the pho- 
tometric catalogue are discussed in section 3. The method 
of photometric redshifts is introduced and discussed in 
section 4, together with two illustrative examples on well- 
known clusters of galaxies at different redshifts. In section 
5, the population of galaxies responsible for the excess in 
number counts at z ~ 0.75 is characterized and its spa- 
tial distribution is determined. We also discuss in section 
6 on the existence of other concentrations at z — 0.28 
and z ~ 1.2, as well as at the redshifts identified in the 
absorption spectra of the QSO. The SEDs of the arclet- 
candidates are studied in section 7. The final discussion 
and conclusions are in section 8. We give the photometry 
of the double quasar in appendix. 

2. Optical and near IR observations 

Data on the field of Q2345+007 come from two differ- 
ent runs at the 3.6m Canada-France-Hawaii Telescope 
(CFHT) . Optical images (BRI) were obtained in October 
1990 at the prime focus of the telescope, using the CCD- 
RCA2 640 x 1024 binned 2x2, with an equivalent pixel 
size of 0.41". Details can be found in Mellier et al. (1994) 
and Kncib et al. (1994). Near-IR images (JK') were ob- 
tained at the Cassegrain focus in October 1993, with the 
Redeye camera set in its wide-field mode, with a pixel size 
of 0.50" (CFH Redeye Users Manual, Simons 1993). The 
details of the observations are summarized in Table 1, as 
well as the characteristics of the photometric system used, 
taking into account the response of the different detectors 
and filters. 

All the final images were obtained using the shift and 
add technique developped by Tyson (1988). Near-IR im- 
ages were reduced with special care, as explained in next 
section. A standard calibration procedure was used in all 
the cases. In the optical range, we used the standard stars 
in the photometric fields given by Gullixson et al. (1995). 
A photometric sequence exists in the field of Q2345+007 
(Tyson & Seitzer, 1988), which is especially useful after 
correction for color effects due to the difference between 
the R and I CFHT filters and the Gullixson et al. filters. 
In the near-IR, the calibration was done through the J 
and K' standard stars given in the Redeye Users Manual 
(Simons 1993). We have verified that the magnitude dif- 
ference K-K' is less than 0.1 magnitudes for all the stars, 
a value smaller than the absolute photometric uncertainty 
in most cases. The seeing was reasonably good in all the 
runs, but the sampling of the images is poor. The FWHM 
given in Table 1 corresponds to the final coadded images. 
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Table 1. Journal of observations, characteristics of the photometric system (filters + detectors) and photometric properties 
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Fig. 1. J-Band image of the field Q2345+007. The total ex- 
posure time was 9950 sec. The main objects presented in the 
paper are identified 



Fig. 2. K'-Band image of the field Q2345+007. The total ex- 
posure time was 4295 sec. The main objects presented in the 
paper are identified 



3. Data reduction and photometry 

Optical images were reduced using the standard IRAF 
procedures for superflatfield and coaddition. In the near- 
IR, a particular care is necessary because of the large 
number of exposures (typical individual exposures are 
about 45 seconds in K' and 130 seconds in J) and the 
sky background variations on short time scales, requir- 
ing a frequent sampling of the sky frame. As the field of 
Q2345+007 is almost free of bright objects, it has been 
used to obtain a superflatfield, and no comparison empty 
field was needed. A discussion about the problems associ- 
ated with the near-IR reduction can be found in the Red- 
eye Users Manual. Separate superflatficlds for images with 
different sky levels have been built. In practice, it was nec- 
essary to perform a superflatfield with 10 to 20 successive 
images. After flat-fielding, the images were recentered and 
coadded using the IRAF facilities. The resulting J and K' 



images of the field are shown in figures 1 and 2 respectiv- 
elly, with the identification of the main objects presented 
in this paper. A deep B image of the same field can be 
found in Mellier ct al. (1994). The common area of the 
optical and the near-IR images is about 2' x 2', centered 
on the double quasar, and it largely includes the center of 
the shear field detected by Bonnet et al. (1993). 

The photometry was obtained with the AMAPHOT 
package developped at the Observatoire Midi-Pyrenees. 
The detection of objects on the different frames is made 
at a la level above the local sky background, with a min- 
imum size requirement of 4 contiguous pixels above the 
detection limit. Since the method presented in this paper 
is based on the SEDs, only those objects found on at least 
two different filters are considered in a first step. Elliptical 
parameters (centroid, ellipticity and orientation) are de- 
termined for each object from the first and second order 
moments of the pixels within its connected domain above 
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the detection isophote. Isophotal magnitudes are obtained 
by integrating the profiles computed along the major axis 
of the distribution up to a given limiting isophote: B,/ = 
28 mag/arsec 2 , R = 27 mag/arcsec 2 , I = 26 mag/arcsec 2 , 
J = 25 mag/arsec 2 and K' = 23 mag/arcsec 2 , values which 
are very close to the la detection limit. The internal pho- 
tometric accuracy, obtained by comparing the magnitudes 
coming from different individual images of the same ob- 
ject, is better than ~ 0.05 magnitude for B < 24 and ~ 0.1 
magnitude for objects with B > 25. The absolute accu- 
racy is typically ~ 0.1 magnitudes, even for the brightest 
objects, when all the usual sources of error are considered 
(photometric absolute calibration, different sampling or 
seeing conditions), and it increases up to ~ 0.5 magnitude 
for the faintest objects of the sample. 

We faced specific problems when computing color in- 
dices from our data because of the wide spectral range cov- 
ered by the photometry. Colors are usually obtained from 
isophotal magnitudes inside a reference isophotal contour 
applied on all images. But, in our case, taking a given fil- 
ter as the reference would produce a color-selection effect 
and could affect the measured color distribution. Besides, 
the morphology and spatial extent of an object could be 
quite different in two extreme filters. The important point 
is to integrate the flux within the same area in all the dif- 
ferent filters, in order to obtain a SED which is a good 
measure of the averaged properties of the object. In or- 
der to solve this difficulty, we computed an "average" set 
of shape parameters for each object as described below: 
first, we build a sub-image corresponding to the average 
of all images where the object is detected, after locally 
recentering it in the center of the raster and normaliz- 
ing. The normalisation consists on setting all the images 
to the same equivalent exposure-time and total transmis- 
sion. Secondly, we compute for each object the averaged 
elliptical parameters (center, ellipticity and orientation) 
from the first and second order isophotal moments, as well 
as the mean isophotal radius along the major axis, where 
the limiting isophote corresponds to la above the local 
sky value. While the mean isophotal radius is rather arbi- 
trary, it gives a measure of the averaged size of the object 
and it is used only to compute the color indices. Some 
objects with peculiar morphologies, very different from an 
elliptical shape, such as the arclet-candidate A2, require a 
special reduction procedure. In this case, instead of fitting 
the shape of the object by an ellipse and to integrate it in- 
side elliptical annuli, colors and magnitudes are calculated 
directly within the (irregular) isophotal limiting contours. 

It is also important to verify the reliability of the SEDs 
derived from photometry to prevent spurious results due 
to color effects. In particular, this could happen when the 
magnitudes of the standard stars used for calibration are 
not exactly in the same photometric system as the ob- 
servations, or when the galactic reddening is strong. This 
point is especially important in the near-IR where tem- 
poral variations of the sky transmission can induce color 



effects in the global response of the system. In order to test 
the quality of the photometry, we have computed the ex- 
pected colors for stars in this photometric system, and we 
have verified that the observed sequence of stars on the dif- 
ferent color-color planes is compatible with the prediction 
within the errors. The separation of stars in the field was 
obtained with the AMAPHOT package which provides a 
robust test to separate stars from galaxies efficiently up 
to a magnitude of Bj ~ 23 (see Pello & Vilchez-Gomez 
1996 for more details). Finally, the correction for galactic 
reddening effects is lower than the photometric errors, and 
it was neglected because the galactic latitude of the field 
is high enough. 

The final catalogue contains 849 objects (stars and 
galaxies) with at least one magnitude on the whole field. 
559 objects with at least one magnitude are present on the 
field common to all the filters (about 1.9' x 1.9'). From this 
sample, 227 objects are detected in the 5 images, and 550 
have at least one color index. Table 1 summarizes the pho- 
tometric properties of the catalogue. The limiting magni- 
tude defines the faint end of the magnitude distribution 
which contains 10 % of the whole sample of objects. 

4. Multicolor analysis of the field 

4-1. The method 

The aim of our method is to look for an excess of objects 
at a given rcdshift along the line-of-sight. If a cluster is 
detectable, it will appear as a peak in the redshift distri- 
bution with respect to an empty field, and will also pro- 
duce a significant excess in the 2D distribution of objects. 
In the case of Q2345+007, we searched for any enhance- 
ment of objects in the redshift distribution first, and then 
analysed the location and center of a possible excess in the 
2D distribution of galaxies, as well as its significance for 
the gravitational lens system. Once the presence of such 
an excess has been established, multicolor photometry can 
also be used to characterize its population of galaxies. It is 
important to determine the 2D distribution and the spec- 
trophotomctric properties of galaxies to check if the excess 
corresponds to a high redshift cluster. 

The first step in the method is to determine a photo- 
metric redshift range for each object from its SED, derived 
through BRIJK' photometry. The SED is equivalent to a 
very low resolution spectrum in a large wavelength range, 
from 0.35 to 2.4 fim. Photometric rcdshifts are determined 
as the intersection of the "permitted" redshift domains 
coming from different color-redshift diagrams, which are 
calculated using the Bruzual's code for the spectrophoto- 
metric evolution of galaxies (Bruzual & Chariot, 1993), 
taking into account the transmission functions of the pho- 
tometric system. The IMF is that of Miller & Scalo (1979), 
with a lower and upper cutoff masses of 0.1 and 125.0 M Q 
respectively. Throughout this paper, we assume H = 50 
km s _1 Mpc -1 and q = 0.1. The present age of galaxies 
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is assumed to be 15 Gyr, which corresponds to a redshift 
for galaxy formation of zj — 5.3. The results obtained are 
almost independent from the choice of the IMF and the 
present age assumed for galaxies, provided that present- 
day ellipticals are older than 9-10 Gyr. For our purposes, 
the main influence of Hq comes from the maximum age 
allowed to present-day ellipticals. It is easy to show that 
the permitted redshift domains become narrower when the 
spectral range is increased to the near-IR, so the individ- 
ual photometric redshifts become more accurate in this 
case. 

In practice, we used as many independent colors as 
possible to constrain the photometric redshift of a given 
object, namely the 4 colors Bj-R, R-I, I-J and J-K' for 
objects detected in all the filters. For each color, a maxi- 
mum (red) and a minimum (blue) curves are calculated in 
the color-redshift plane, which define the permitted area 
for any galaxy. The reddest curve is that of an old single 
burst of star formation, such as an old elliptical galaxy 
(hereafter E), and the bluest curve is that of a continu- 
ous star forming system, such as an irregular magellanic 
galaxy (hereafter Im). The use of filter bands from B to 
K' allows to obtain simultaneously an optimal fit of short 
time scale phenomena (such as a burst of star formation) 
as well as the averaged behaviour of the system (as given 
by the old population of stars seen in the J and K' filters). 
Each observed color is compared to the predicted color-z 
diagram, taking into account the photometric errors, and 
the permitted redshift range is obtained. The code used to 
compute models does not include metallicity effects on the 
stellar population or internal absorption effects. Neverthe- 
less, such effects are expected to be of second order in the 
determination of the redshift. At a given z, any "normal" 
galaxy fits between the two extreme models if its spectro- 
morphological type is let completely free. This is almost 
independent from the existence of emission-lines, because 
the SED built from broad band filters is generally domi- 
nated by the continuum and absorption features (the 4000 
A and Balmer breaks in the visible). Obviously, when we 
are dealing with an object whose SED is different from a 
normal galaxy, no photometric redshift is found. This is 
the case of the double quasar, for example. The final red- 
shift range for an individual object will be narrow (about 
0.1, to take into account the precision in the color-redshift 
diagrams in most cases) or wide depending on the number 
of colors available, the width and the sampling properties 
of the filters used and the photometric accuracy. As the 
color calibration accuracy has been tested on a sample of 
stars, the reliability of the SEDs essentially depends on the 
individual photometric uncertainties. In summary, even 
if the redshift range is wide for some individual objects, 
the existence of a cluster can be evidenced statistically 
because most objects belonging to it will be compatible 
with its redshift. We discuss this point below, in the case 
of two well known clusters of galaxies, namely A2218 and 
A370, where similar optical and near-IR deep photometry 



is available and where the result concerning the redshift 
is unambiguous. 

4-2. A test on the clusters of galaxies A2218 and A370 

In the case of A2218, a set of optical images is available in 
filters B, g, r and z, as well as near-IR images in the same 
filters as Q2345+007. Details concerning the photometry 
of this cluster can be found in Le Borgne et al (1992), Pello 
et al. (1992) and Kneib et al. (1995). The mean spectro- 
scopic redshift is z = 0.1756 ± 0.0068 (Le Borgne et al. 
1992). The uncertainty on the redshift is intrinsic, due to 
the velocity dispersion of the cluster (1370km/s) and does 
not correspond to observational errors. A catalogue of 232 
objects was obtained in the common field of all the fil- 
ters, excluding objects identified unambiguously as stars. 
The automatic procedure has given a photometric redshift 
interval for 182 of them (78% of the sample). Figure 3a 
shows the redshift distribution, where all the permitted 
redshift intervals have been cumulated with a weight of 
1. A significant excess of galaxies at a mean redshift of 
z = 0.17 ± 0.05 can be seen. The error bar is a measure of 
the FWHM of the peak around the mean value. This re- 
sult is fully compatible with the spectroscopic value. The 
photometric redshift matches perfectly the spectroscopic 
result (Le Borgne et al. 1992) for 85 % of the objects for 
which J and K' photometry is available. This is the case 
of the arcs at z sp = 1.034 and z sp = 0.702, for which the 
automatic procedure has found a photometric redshift be- 
tween 0.825 and 1.1 for the former and between 0.650 and 
0.725 for the later. A significant secondary and wider peak 
exists around z ~ 0.6, due to the distribution of the back- 
ground population of galaxies. A significant contribution 
is expected from the many bright arclets observed in this 
field. No comparison blank field, obtained in the same con- 
ditions and filters as the cluster, is available in this case 
to properly estimate the field contamination, but the con- 
trast cluster-field is high enough to detect the excess. 

In the case of A370, the photometry is available in the 
same filters and has been obtained during the same runs 
and under the same conditions as for Q2345+007. The 
mean spectroscopic redshift is z = 0.374 ± 0.001 (see Mel- 
lier et al., 1988, and Soucail et al., 1988, for more details 
about the spectroscopic survey on this cluster). The cata- 
logue of the field common to all the filters contains 345 ob- 
jects, and the automatic procedure has given a photomet- 
ric redshift interval for 252 of them (75% of the sample) . 
The raw redshift distribution, obtained in the same way 
as in A2218, is shown in figure 3b. The excess of galaxies 
is at a mean redshift of z — 0.48 ±0.11, so it is roughly in 
agreement with the spectroscopic value, although slightly 
higher, and the peak obtained is wide. The comparison 
blank region defined below in Sect. 5.1 (field 2) was used 
to estimate the field contribution by subtraction. The red- 
shift distributions in the cluster and the blank fields are 
shown in figure 3c, after correction for the different sizes of 
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Fig. 3. Photometric redshift distribution of objects in different fields: a) A2218 (raw data); b) A370 (raw data); c) A370 
compared to a blank reference field, after normalisation, with the net distribution in the bottom. The spectroscopic and the 
mean photometric redshifts are indicated by solid and dashed lines respectively 



the two regions. The two catalogues used to compute the 
redshift distributions have been limited within the mag- 
nitude of completeness in all the filters and, when this 
magnitude is different in the two fields, the limit is given 
by the brightest of them. The final catalogues contain 193 
and 50 objects respectively in the cluster and the blank 
field, and about 80% of them have a redshift interval as- 
signed. The net excess of galaxies in the field of A370 is 
then at a mean redshift of z = 0.45 ± 0.08. 80 % of the 
objects for wich a spectroscopic redshift exists (according 
to Soucail et al., 1988) are correctly identified photomet- 
rically. This is the case of the giant arc at z sp = 0.724, for 
which the automatic procedure has found a photometric 
redshift z = 0.50 - 0.75. 

The maximum peak obtained in A2218 is quite nar- 
row compared to that found in A370 and there are two 
reasons for this. First, the redshift of A2218 is low, so 
the photometry is more accurate because the objects are 
brighter in average and the SEDs show a low internal dis- 
persion in redshift and spectromorphological types. Sec- 
ondly, the more important spectral feature in the visible 
range at such intermediate redshifts is the 4000A disconti- 
nuity, and many narrow optical filters are available in the 
field of A2218 to map the SEDs around this wavelength 
region. Figure 4 shows the difference between the spectro- 
scopic and the photometric redshift as a function of the 
magnitude for different objects in the fields of A2218 and 
A3 70. There is no clear evidence for an increase of errors 
as a function of the magnitude. It is worth noting that 



the contrast between the cluster and the field increases 
when the near-IR photometry is available, and this effect 
is mainly due to the narrowing in the individual permitted 
redshift ranges. The mean photometric redshift obtained 
for A370 is higher than the spectroscopic value and the 
fit is worse compared to A2218. A straightforward simu- 
lation shows that such a systematic bias towards higher 
redshifts is expected for E-type galaxies at 0.2 < z sp < 0.4 
when the filters BRIJK' are used, and it disappears be- 
yond z sp > 0.5. The effects of sampling along the SEDs on 
the inferred redshift distribution will be studied in details 
in a forthcoming paper (Miralles et al., in preparation). 

5. Detection and characterisation of a cluster of 
galaxies at z ~ 0.75 

5.1. Detection of excesses of galaxies at different redshift 
planes 

The method presented above was applied to the catalogue 
of 550 objects with at least one color on the common field 
of Q2345+007. The automatic procedure enabled to cal- 
culate a permitted redshift range for 78% of them, and the 
cumulative histogramme for the redshift distribution has 
been obtained using the same method as in Sect. 4. The 
contrast of a possible high redshift cluster with respect to 
the normal distribution for a blank field is expected to be 
lower than for A2218 or A370, because the field contam- 
ination strongly increases at faint magnitudes. In order 
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Fig. 4. a) Photometric redshift versus spectroscopic redshift 
in the fields of A2218 (full dots) and A370 (open dots), b) 
Difference between the spectroscopic and the photometric red- 
shifts as a function of the magnitude for objects in the fields 
of A2218 (full dots) and A370 (open dots). Error bars show 
the permitted photometric-redshift intervals. Magnitudes are 
given in r for A2218 and in R for A370. 

to estimate this contamination, two regions of about the 
same surface have been defined by dividing the whole field 
in two halves: one contains the double QSO and the excess 
of galaxies already detected by Mellier et al. (1994) (field 
1), and the other one is considered as an "empty" compar- 
ison region (field 2). The completeness magnitudes in the 
fields 1 and 2 are the same in all the filters. We can check 
on the excess of galaxies in the field of the double QSO 
through galaxy counts. Even if the contrast between field 
1 and the blank is expected to be low, it is interesting to 
compare the present results with those found previously 



by other authors. Table 2 gives the results on the Bj and 
K' galaxy counts in the two fields, compared to those al- 
ready obtained by Tyson (1988) in Bj, and Djorgovski et 
al. (1995) and Gardner et al. (1993) in K'. Our results 
have not been corrected for incompleteness, so they only 
compare to those found in the literature up to the com- 
pleteness magnitudes. In general, the present results are 
in agreement with those found previously within the er- 
rors. There is an excess in K' compared to Djorgovski et 
al. (1995) at the faintest magnitudes, in the two fields, but 
there is no clear evidence for an excess in field 1 compared 
to the blank. 

The superposition of the raw distributions in redshift 
in the two regions are shown in figure 5a, and the net dis- 
tribution in the field 1, obtained by subtraction, is given in 
figure 5b. A clear narrow peak appears at z = 0.75 ± 0.08 
and a wider one at z — 1.2 ± 0.1, as well as a secondary 
wide peak at z ~ 1.8. All these peaks correspond to ex- 
cesses of galaxies in the 2D distribution, with different 
levels of significance, as explained below. The first one is 
identified as a cluster at z ~ 0.75, as it is discussed be- 
low. The redshift of this excess is fully compatible with the 
absorption system detected in the spectrum of the B com- 
ponent of the quasar, a first evidence in favour of a lens 
at such a redshift. The second peak at z ~ 1.2 docs not 
correspond to any absorption system of the quasar. The 
third peak centered at z ~ 1.8 is the widest and the less 
significant (the maximum contrast in the redshift distri- 
bution is about 3cr), but it contains the other absorption 
systems identified by Steidel and Sargent (1991) in the 
spectra of the QSOs, between z = 1.49 to z = 1.98. Most 
galaxies compatible with the two high-redshift peaks lie 
beyond the completeness limit in at least one filter, as it 
is shown in figure 5b, hence the conclusions concerning 
their 2D distribution have to be taken with caution. More 
detailed results concerning the two higher redshift-strips 
can be found in next section. 

5.2. Structural properties of the cluster-lens 

The next step is to study the 2D distribution of ob- 
jects with a permitted redshift interval which contains 
z = 0.75 ± 0.05. The projected number and luminos- 
ity densities of such objects were computed through a 
method similar to that proposed by Dressier (1980). Fig- 
ure 6 shows the isocontour plot corresponding to the dis- 
tribution in projected number-density, where a clear max- 
imum appears close to galaxy G2. The mean density of ob- 
jects compatible with z ~ 0.75 is 13.6 galaxies/arcmin 2 up 
to the completeness magnitude in Bj, and the maximum 
value reaches 4.1 times the mean density. The contrast in 
density, defined as [p— < p >]/cr, where a =< p > 1 / 2 , 
is 11.6. The size of the region where the density is higher 
than 2.5 times the mean value is about 40" (375/i^q 1 kpc at 
z = 0.75). The total number of galaxies compatible with 
z = 0.75 ± 0.05 within a circular region of this diameter is 
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Table 2. Galaxy counts in the field of Q2345+007 in Bj and K', compared to those obtained by Tyson (1988) in Bj and 
Djorgovski et al. (1995) in K'. Fields 1 and 2 correspond to that of the double QSO and the comparison field respectively. The 
field all means the whole field covered by the image in the given filter, and not the common field (field 1 + field 2). Magnitude 
intervals are one magnitude wide, centered on the value. 



Filter Bj 
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Log 


N/mag/deg 2 
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Log 


i N/mag/deg 2 
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Log N/mag/deg 2 


Log N/mag/deg 2 








all 






field 1 




field 2 


Tyson (1988) 


22.50 


8 




3.57±0.15 


2 




3.54±0.31 


2 


3.57±0.31 


3.6 


23.50 


27 




4.10±0.08 


4 




3.84±0.22 


4 


3.87±0.22 


4.10 


24.50 


57 




4.42±0.06 


17 




4.46±0.10 


12 


4.35±0.12 


4.55 


25.50 


102 




4.68±0.04 


37 




4.80±0.07 


21 


4.59±0.09 


4.70 


26.50 


90 




4.62±0.05 


22 




4.58±0.09 


32 


4.77±0.08 




27.50 


205 




4.98±0.03 


71 




5.09±0.05 


61 


5.05±0.06 




Filter K' 




















Mag 


N 


Log 


N/mag/deg 2 


N 


Log 


; N/mag/deg 2 


N 


Log N/mag/deg 2 


Log N/mag/deg 2 








all 






field 1 




field 2 


(1) Gardner et al. (1993) 




















(2) Djorgovski et al. (1995) 


18.50 


14 




4.10±0.12 


6 




4.01±0.18 


7 


4.11±0.16 


3.97±0.07 (1) 


19.50 


22 




4.30±0.09 


5 




3.93±0.19 


16 


4.47±0.11 


4.25±0.06 (1) 


20.50 


38 




4.53±0.07 


15 




4.41±0.11 


20 


4.57±0.10 


4.52±0.13 (2) 


21.50 


47 




4.63±0.06 


28 




4.68±0.08 


19 


4.55±0.10 


4.60±0.12 (2) 


22.50 


166 




5.17±0.03 


82 




5.15±0.05 


82 


5.18±0.05 


4.91±0.08 (2) 



14, whereas only 6 were expected according to the mean 
density of such galaxies over the whole field (field 1 + field 
2), so the contrast is about 3.3er. The results in number- 
density are similar when we consider objects within the 
completeness magnitude in J. The maximum in projected 
number-density given by the Dressler's method lies as ex- 
pected between the two clumps reported by Mellier et al. 
(1994, Fig. 1), and its distance to the center of the weak- 
shear field is about 11" West (see figure 6). The location of 
the projected number-density peak is also in good agree- 
ment with the excess detected by Fischer et al. (1994), 
and it is also compatible with the position of the lens re- 
sponsible for the weak-shear field found by Bonnet et al. 
(1993). 

The 2D distributions in luminosity-density in Bj and 
J are also very similar for the sample of galaxies within 
z = 0.75 ± 0.05. The position of the maximum is the same 
in both filters, and it lies less than 5" northwards from 
the maximum in projected number-density. The maximum 
values in Bj and J up to the completeness magnitudes 
are, respectively, 4.6 and 4.1 times the mean luminosity- 
densities in these filters, the mean values beeing 3.41 x 
10 w h-^L & I arcmin 2 in Bj and 7.47 x 10 n ^ 2 L o / 
arcmin 2 in J at z = 0.75 (raw data, no k-correction is 
applied) . A final remark afterwards is that the size of the 
whole field studied (field 1 + field 2) is about 1 Mpc wide 
at z — 0.75, so field 2 is not expected to be an empty 
region at such a redshift, and the contrast found is then 



a lower limit. In fact, an excess at this redshift is already 
visible in the raw data presented in figure 5a. 

5.3. Photometric properties of the cluster-lens 

There are 80 objects detected on the whole field (field 1 + 
field 2) within a permitted redshift interval which contains 
z = 0.75 ± 0.05. The distribution of all these galaxies on 
color-magnitude and color-color diagrams are presented 
in figures 7a and 7b, respectively. Galaxies identified as 
belonging to other possible redshift systems are also plot- 
ted for comparison. The look-back-time at z ~ 0.75 is 
8.15 Gyr, so galaxies are 6.85 Gyr old. A detailed discus- 
sion about the dominant stellar population in the two ex- 
treme star-forming systems used can be found in Bruzual 
& Chariot (1993). At z ~ 0.75, the main spectral absorp- 
tion feature expected in the visible range is the 4000 A dis- 
continuity, which lies between the central wavelengths of 
the filters R and I. Nevertheless, these filters are so broad 
that the R-I color index alone is unable to discriminate 
between foreground (beyond z ~ 0.3) and background ob- 
jects (up to z ~ 1.3), when the spectromorphological type 
of the galaxies is let completely free. The determination of 
the redshift has been possible only because we have strong 
constrains on the whole continuum from B j to K' for most 
objects in the field. 

Concerning the general evolutionary trends, the filter 
Bj is very sensitive to short-scale star-forming phenom- 
ena. The J band maps the restframe from A <~ 6000 to 
8200 A, so it is very sensitive to the present main-sequence 
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Fig. 5. Redshift distribution of the objects in the field of 
Q2345+007: a) raw data; the thick line correspond to the re- 
gion of the field containing the double QSO and the excess 
of galaxies already detected by Mellier et al. (1994) (field 1), 
whereas the distribution for the blank field (field 2) is shown 
for comparison by a thin line; b) net redshift distribution in 
the field 1, for all the sample (top) and for objects brighter 
than the completeness limit in Bj (bottom). 




Fig. 6. Isocontour plot of the projected number density of 
galaxies compatible with the excess at z ~ 0.75, superimposed 
on a composite image of the common field. Successive contours 
correspond to 0.5 times the mean value over the whole field 
(field 1 + field 2), starting at 1. The composite image was 
obtained by coadding all the final images in all the filters, after 
normalization. The main objects are identified. CI is the center 
of the shear field detected by Bonnet et al. (1993). North is 
towards the upper left corner, and the scale is in pixels (1 
pixel = 0.41"). 



(MS) population of stars, regardless of the star-formation 
history and for a relatively wide range of redshifts around 
0.75. A similar comment can be applied to the I band, 
which samples the restframe wavelength just after the 
4000 A break: it is also dominated by MS stars but it 
is more sensitive to the redshift because, beyond z ~ 0.80, 
the 4000 A break lies inside the filter. Then, with some 
cautions concerning the redshift and the metallicity, the 
color I-J can help in constraining the age of the dominant 
stellar population. On the contrary, the K' band samples 
the restframe at A > 1/im, which is dominated by red giant 
or core He burning low-mass stars (depending on the past 
star-formation history), so it is almost insensitive to the 
present star-formation rate and it puts some constraints 
on the past star-forming history. The results on the sam- 
ple at z ~ 0.75 evidence that most objects have been 
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undergoing an active star-formation activity in a recent 
epoch, because they show R-I and I-J colors compatible 
with those of a continuous star-forming system, or with 
those of a young burst of star-formation (younger than 3 
Gyr in most cases). According to their Bj-R, about 50% of 
them seem to be continuous star-forming systems, whereas 
the others are more likely young burst systems where the 
star-formation stopped 1 to 3 Gyr ago. Only two objects 
have red SEDs in these filter-bands, compatible with those 
of an old E-type system. Moreover, about 50% of these 
star-forming objects are red in the J-K' distribution and 
show an enhanced flux in the K' band compared to what is 
expected for a single young burst of star-formation. Then, 
all these results point to the existence of a generalized 
and recent burst of star-formation activity, less than 3 
Gyr old at z ~ 0.75, on galaxies which already have an 
old population of stars. We have checked on possible bias 
in the color-distribution of this population of galaxies due 
to the different completeness and limiting magnitudes in 
the various filters, but the result is negative. More than 
50% of galaxies belonging to this sample are within the 
completeness magnitudes in all the filters. 

The brightest galaxy in the sample at z — 0.75 ± 0.05 
is located only 13" away from the position of the max- 
imum in projected number and luminosity-density maps 
in Bj and J. This galaxy is then proposed as the cen- 
tral cluster-galaxy. Its isophotal Bj magnitude is 22.83, so 
Mb = —21.67 in the rest frame (K-correction is computed 
according to its SED), and the corresponding isophotal 
radius is about 3'.'3 (about 31/i^q 1 kpc). These values are 
quite compatible with those expected and observed for 
the brightest cluster-members in more nearby clusters. We 
have used a minimization procedure to fit the best syn- 
thetic spectrum coming from a single population to its 
photometric SED. The best fit is obtained for a young 
burst of star-formation 1.3 Gyr old, and the best fit for 
the redshift is z ~ 0.70, as it is shown in figure 8. The sig- 
nature of an old stellar population appears as an excess in 
the J and K' mean fluxes. Five other bright galaxies com- 
patible with z = 0.75 ± 0.05 are present within a distance 
of 30" (about 280/i^q 1 kpc) around the central galaxy, with 
isophotal magnitudes in the range 23.3 < Bj < 24.6 
(-21.2 < M B < -19.8 at z = 0.75), and two addi- 
tional ones of the same luminosity within a distance of 
60". All these bright galaxies have similar SEDs and be- 
long to the blue population mentioned above. Compared 
to low and medium- redshift rich clusters, such as A2218 
or A370, the number of bright galaxies (Mb < —20) found 
within a radius of about 300/i^q 1 kpc around the central 
galaxy is lower: only 6 galaxies compared to 24 in A2218 
and 22 in A370, under the same conditions. But A2218 
and A370 are among the richest Abell clusters. The differ- 
ence reduces when it is compared to high-redshift clusters 
from the EMSS Survey (Gioia & Luppino, 1994), such as 
MS1054.4-0321 and MSI 137.5+6625, with tentative red- 
shifts z = 0.81 and z = 0.65 respectively, where the ex- 



pected number of bright galaxies is 13 to 14 (assuming 
a contamination of about 30%). Again, these clusters are 
very rich and strong X-ray emitters. We conclude that the 
cluster detected is probably not very rich. The main dif- 
ference compared to A2218 or A370 is the evolutionary 
state of the bulk population of galaxies: even the bright- 
est members seem to be undergoing an episode of active 
star- format ion, or have experienced a burst just a few Gyr 
ago. 




5000 10 4 1.5X10 4 2xl0 4 



X (A) 

Fig. 8. SED of the central galaxy of the distant cluster, with 
Fa normalized at 1 in R, superimposed to the best fit synthetic 
spectrum of a star-formation burst 1.3 Gyr old. The redshift 
of the synthetic spectrum corresponds to the best fit for this 
SED, z = 0.7 



6. Photometric study of other redshift systems at 
z — 0.28, z ~ 1.2 and z ~ 1.8 

There are three background galaxies in the field with spec- 
troscopic redshifts around 0.28 (Bonnet et al. 1993), so 
we can wonder if a concentration exists at such a redshift. 
These galaxies are identified as Gl, G2 and G3 in figures 1 
and 2. In all the cases, the SEDs derived from photometry 
are in good agreement with the observed spectra within 
the common wavelength domain. The stellar population 
in Gl corresponds to a 9 Gyr old burst of star-formation, 
according to the minimization procedure to find the best 
fit by a synthetic spectrum. On the contrary, the SEDs of 
G2 and G3 are dominated by a younger population, such 
as a burst of star-formation about 3 Gyr old in both cases. 
Although these three galaxies are among the brightest ob- 
jects in the field, there is no photometric evidence for a 
cluster at such a redshift. Only 26 objects are compati- 
ble with this redshift, including the arclet-candidate A2 
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Fig. 7. Color-magnitude (a) and color-color (b) diagrams for objects in the field of Q2345+007. Objects compatible with a 
redshift of z — 0.75 ± 0.05 are represented by full dots, whereas objects compatible with z = 0.28 ± 0.05 and z = 1.2 ± 0.10 arc 
drawn as diamonds and stars, respectively. The colors predicted for the two extreme types of galaxies, E and Im, at z — 0.75 
are also shown 



(see Sect. 8), and their 2D distribution does not show any- 
significant concentration in the projected number density. 
Besides, a cluster at z = 0.28 would have to appear more 
clearly in the images than a cluster at z = 0.75. All these 
results point to the existence of only a small group of 
which Gl, G2 and G3 are the brightest members. In addi- 
tion, according to our data, the population of galaxies at 
z = 0.75 ± 0.05 does not show any particular alignemcnt 
which could be interpreted as an induced effect of gravi- 
tational shear by a foreground lens. This result is also in 
good agreement with the results of Mellier et al. (1994). 

The total number of objects compatible with z = 
1.2 ± 0.1 is 62, but 22 of them are also compatible with 
z = 0.75: these are faint objects for which the photomet- 
ric redshifts are poorly determined. Most of their magni- 
tudes arc beyond the completeness limit in at least one 
filter. The mean projected number-density of such objects 
over the whole field is 15.4 galaxies/ arcmin 2 , when we 
take all the sample, without any selection in magnitude. 
Three clumps appear in the projected number-density. 
The most important local maximum lies 12" eastwards 
and 42" northwards with respect to the center of shear; 



it is 3.4 times the mean value, with a contrast of about 
9.5. Nevertheless, it is produced by the presence of several 
faint galaxies beyond the completeness limit in all the fil- 
ters, and the contrast reduces to zero when we consider a 
circular region of more than 20" radius around it. When 
the sample is limited to objects brighter than J=25 (a 
value close to the completeness limit), only 41 objects re- 
main and the previous maximum disappears (see fig. 9a). 
Objects in this sample are located preferentially in two 
clumps, where the number-density never exceeds 2.5 times 
the mean value, so the distribution within these regions 
is quite smooth. One of the regions overlaps the center of 
the cluster at z ~ 0.75. Again, as in the z ~ 0.75 plane, 
the field 2 is not a blank field at z ~ 1.2, and the excess 
was already visible in figure 5a. It is worth noting that ob- 
jects belonging to this excess at z ~ 1.2 are expected to be 
lensed and slightly amplified by the cluster at z ~ 0.75, 
so their spatial distribution is probably the result of a 
magnification bias. Unfortunately, we cannot test on the 
existence of a systematic effect of shear on such objects 
because their angular size is too small. The images used 
in this work are deep enough to allow a good detection 
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Fig. 9. a) Isocontour plot of the projected number density of galaxies compatible with the excess at z ~ 1.2, up to the 
completenss magnitude in Bj, superimposed on a composite image of the common field. Same comments as in Fig. 6. b) 
Isocontour plot of the projected number density of galaxies compatible with 1.5 < z < 2.0. Successive contours correspond to 
0.5 times the mean value, starting at 1. 



level and photometry, but too poor for an accurate deter- 
mination of the shape parameters. 

The last interesting concentration is that identified 
with the excess at z ~ 1.8, which contains most of the 
absorption systems found in the spectra of the two QSOs. 
44 objects are found on the whole common field with pho- 
tometric redshifts in the interval 1.5 < z < 2.0, and 42 of 
them are located within the field 1 (see fig. 9b), within a 
wide region centered around the center of shear and the 
main galaxy at z ~ 0.75. Almost all of them are fainter 
than the completeness magnitudes in all the filters, so 
any detailed discussion about their 2D distribution has 
to be taken with caution. The maximum in the projected 
number-density is 2.8 times the mean value, and the max- 
imum local contrast is 6, but the 2D distribution is quite 
smooth. Again, these objects are affected by the presence 
of the foreground cluster, and a systematic effect of shear 
and magnification is expected for them. 



7. The arc(let)s revisited 

Three arclet candidates were reported in the paper by 
Bonnet ct al. (1993) and another one was added by Mel- 
lier et al. (1994). Figure 10 shows the morphology of these 
arclets in the different filters. They are all located close to 
the excess of galaxies at z ~ 0.75. A2 and A3 show a com- 
plex morphology, whereas Al and A4 are quite compact. 
According to the SEDs deduced from photometry, Al and 
A4 seem to be cluster members. Al is the fourth brightest 
cluster galaxy identified in this field and its SED is shown 
in figure 11a. The automatic procedure to fit the best syn- 
thetic spectrum to Al and A4 has found that both SEDs 
are compatible with a recent burst of star formation, such 
as an E-type galaxy 1 and 2 Gyr old, respectively, at a 
redshift of - 0.75. The SED of the arclet A3 is rather 
similar (an E-type galaxy 2.8 Gyr old), but the best fit for 
the redshift is lower, z ~ 0.6, according to the automatic 
procedure and marginally compatible with the cluster red- 
shift. Figures lib and 11c show the best automatic fit for 
arclets A3 and A4, respectively. So, these three arclets are 
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more likely elongated cluster or foreground galaxies rather 
than gravitational arclets. 

The arclet A2 is more complex and elongated. Three 
different regions can be distinguished in it: two blue re- 
gions, named A2i and A2 3 in figure lid and Table 3, and 
a central region (A2 2 ) which is the reddest. The colors of 
regions A2\ and A2 3 are quite similar, whereas A2 2 has 
more flux in the K' band. Two different solutions for the 
rcdshift seem possible. The most reliable is that of a low 
redshift object (with z < 0.55), and the automatic fit of 
the best spectrum in the range < z < 0.6 gives a solution 
at z — 0.31 for the three regions. So, it could be a member 
of the group at z ~ 0.3. The best synthetic spectra at such 
a redshift correspond to a recent burst of star formation 
(A2i and A2 3 ) or an old late-type S galaxy (A2 2 ). The rel- 
evant spectral feature is the presence of a break between 
the filters Bj and R in all the three regions, which corre- 
sponds to the 4000A break in the hypothesis of z ~ 0.3. In 
A2 2 , the flux increases slightly between J and K'. If this 
is not due to a chance alignement along the line of sight 
(i.e. with a M star), another possible different solution is 
that of a high redshift object with the 4000A break be- 
tween J and K'. The main break in the spectrum would 
correspond to the Lyman break in this case, and the best 
fit for the blue and the red regions would be z <~ 3.6 — 3.8. 
The difference between blue and red regions in the high 
rcdshift hypothesis is due to a difference in the age of the 
stellar populations. It is worth noting that the high red- 
shift hypothesis can be tested spectroscopically, because 
Lya is expected to lie at A ~ 5600 — 5900 A. 
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Fig. 10. Zoom of the field in the close neighbourhood of the 
four arclet candidates, Al to A4 from right to left, as seen in 
the different filters. 



Table 3. Photometry of arclets. 



Id. 



[IB 

max 



Bj-R R-I I-J J-K' 



Photometric 
redshift 



Al 


24.79 


0.56 


1.17 


0.50 


1.15 


0.60-0.80 




A2i 


25.82 


1.43 


0.55 


0.51 


1.74 


0.0-0.55/- 


3.6-3.8 


A2 2 


26.11 


1.39 


0.65 


0.51 


2.18 


0.18-0.55/ 


-3.6-3.8 


A2 3 


26.20 


1.30 


0.77 


0.30 


1.66 


0.0-0.55/- 


3.6-3.8 


A3 


26.14 


1.64 


0.57 


0.72 


1.71 


0.07-0.65 




A4 


26.20 


0.87 


1.22 


0.53 


1.67 


0.58-0.90 





8. Discussion and conclusions 

The present work suggests that Q2345+007 is probably 
the result of a very complex gravitational lens involving 
several mass concentrations at different redshifts. We con- 
firm the presence of a group of galaxies rather than a 
cluster at z = 0.28. The main result is the identification 
and characterization of a distant mcdium-to-rich cluster 
at z = 0.75 ± 0.08, which appears as an excess in the red- 



shift distribution with respect to a blank field. The center 
of the cluster is located close to the center of the shear- 
field. Bonnet et al. (1993) already analysed this field and 
they obtained a good fit of the shear pattern by a singu- 
lar isothermal sphere (SIS) with a = 1200kms^ 1 at z=l. 
Assuming that the bulk of the mass in the lens is asso- 
ciated with the cluster, the velocity dispersion required 
in order to produce the same mean shear pattern should 
range from 620 to 905fcms _1 , the more probable value 
beeing 790fcms _1 . This value was estimated with the fol- 
lowing assumptions: the mass-distribution follows a SIS, 
the redshift of the lens is 0.65 < z < 0.85, and the shear 
field measured comes mainly from sources around z ~ 1.2 
and z ~ 1.8. The resulting K-corrected M/L ratios in 
the inner 300h^kpc radius are M/Lb — 250M Q /L Q and 
M/Lj ~ 40M Q /L Q . 

Most cluster-member candidates at z ~ 0.75 show 
SEDs with signatures of a recent episode of star-formation. 
About 50% of them are undergoing a star-forming process 
whereas the others are more likely burst-systems where 
the star-formation stopped between 1 and 3 Gyr ago. An 
old population of stars is present in about 50% of galax- 
ies. These secondary-burst systems are similar to the pop- 
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Fig. 11. SEDs derived from photometry for the four arclets, superimposed to the best-fit synthetic spectra: a) Al, with the 
spectrum of an E-type galaxy 1.0 Gyr old at z = 0.75; b) A3, with the spectrum of an E-type galaxy 2.8 Gyr old at z = 0.61; c) 
A4, with the spectrum of an E-type galaxy 2.1 Gyr old at z = 0.75; d) A2i, A22, and A2$, with the best-fit spectra at z = 0.31 
(see text for details). 



ulation of galaxies that Barger et al. (1995) find in sev- 
eral medium-redshift clusters (about 30% of the popula- 
tion in such clusters) but, in our case, more than 40 % of 
the population within the completeness limit in Bj shows 
bursts, including the 10 brightest galaxies. Only 2 galaxies 
from this sample show SEDs corresponding to a pure old- 
population of stars, such as a non-evolved E-type galaxy, 
and they are relatively faint. These results indicate that 
the evolutionary state of the bulk population of galaxies 
is different from what is observed for medium-rich clus- 



ters at lower redshifts. The existence of short bursts of 
star formation at redshifts 0.5 < z < 1 involving low-mass 
galaxies has been suggested by different authors to explain 
the results on deep galaxy counts (for example, Cowie et 
al. 1991, Lilly 1993, Babul & Ferguson 1995). According 
to our results, these star-formation processes could also 
affect the bulk population of galaxies in clusters within 
this redshift range. 

Two other excesses of galaxies appear in the field of 
the double QSO with respect to the blank field, which 
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points out the existence of clustering at redshift-strips 
z ~ 1.2 and z ~ 1.8. In both cases, the 2D distribution 
in projected number-density is quite smooth, and the ob- 
jects tend to be located around or close to the cluster at 
z ~ 0.75. These objects are faint, beyond the completeness 
magnitude in at least one filter in most cases, especially 
for the excess at z ~ 1.8. But, even if the 2D distribution 
has to be taken with caution, 95% of objects compatible 
with z ~ 1.8 are located in the field 1. As they suffer 
the gravitational amplification induced by the foreground 
cluster, they are probably detected in the field 1 just be- 
cause the magnification bias tend to enhance their total 
luminosities in this region compared to the blank field. 
A systematic effect of shear should appear on this pop- 
ulation if this identification is correct. A more detailed 
study is needed to measure the shear on this pre-selected 
sample of high-redshift objects, using deep and well sam- 
pled images. In any case, we can already say that the 
typical magnitudes of objects belonging to the redshift- 
strips at z ~ 1.2 and z ~ 1.8 (Bj > 27) make them com- 
patible with the population used by Bonnet ct al. (1993) 
to determine the shear field. The detection of a so faint 
shear-effect was probably made easier (or even possible) 
by the existence of clustering along the line-of-sight. Con- 
cerning the double QSO, the existence of several excesses 
at different redshift-strips indicates that we are probably 
dealing with a complex lens. The high separation of the 
2 images is the combined effect of these lens-planes, in- 
cluding the faint galaxy in the close neighbourhood of the 
fainter QSO reported by Fischer et al. (1994). As a final 
remark, we can mention that none of the relatively blue 
objects detected 10" around the double QSO has a pho- 
tometric redshift assigned, because their SEDs are quite 
different from the models adopted in this paper. Concern- 
ing the complexity of the lens, a similar result was found 
by Angonin-Willaime et al (1994) in the field of the double 
QSO 0957+561, where the main lens is the sum of a bright 
gE galaxy and of the cluster of galaxies associated with 
it. The field of QSO 0957+561 is also contaminated by a 
background group of galaxies identified spectroscopically, 
and many rather bright foreground galaxies. Their effects 
on the high separation of the 2 images are not clear and 
probably not dominant, but it should affect strongly the 
shear field of the faint background galaxies. 

Among the arclets identified by Bonnet et al. (1993) 
and by Mellier et al. (1994), Al and A3 arc more likely 
elongated cluster members rather than gravitational ar- 
clets, whereas A4 seems to be a foreground object, only 
marginally compatible with the cluster redshift. No other 
elongated arclet-candidates are visible. The only excep- 
tion is A2, for which a high redshift solution exists, at 
z ~ 3.6 — 3.8, although a more reliable one identifies it as 
a member of the group at z ~ 0.3. It is important for the 
lens modeling to confirm the high redshift hypothesis for 
this object, and it can be done because Lya is expected 
at A ~ 5800A. 



One of the priorities for the near future is to com- 
plete an extended spectroscopic survey on this field to 
confirm the predicted distributions in redshift. Recently, 
some additional spectroscopic data have been obtained at 
the CFHT, and the reduction is going on. The presence 
of strong emission-lines is expected in the visible range 
for those brightest cluster-member candidates which are 
undergoing an active process of star formation, making 
possible the measure of the redshift. It is worth noting 
that the study of the SEDs from Bj to K' allows not only 
an estimate of the photometric redshift but also a deter- 
mination of the optimal wavelength and feasibility for a 
successful measure of the spectroscopic redshift. In a more 
general context, we expect to check the reliability of the 
statistical method at high-redshift. Combining this tech- 
nique of multicolor analysis with the systematic studies of 
weak-shear fields, and lensed QSOs in particular, is a very 
promising way to characterize the visible counterparts of 
large scale inhomogeneities. 
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A. Appendix. Photometry of the Double QSO 

Table 4 gives the magnitudes and colors of the 2 components 
of the double quasar. The photometric results in the optical 
region are compatible with those published by Fischer et al. 
(1994) within the errors, and no other new candidate to lens 
galaxy appears in J and K'. Fischer et al. (1994) found a mag- 
nitude difference between the two components of 1.31 ± 0.05 
in Bj and 1.18 ± 0.05 in R, from the composite images taken 
between 1984 and 1993. The difference in magnitude is more 
important in the near-IR but this could be explained by the 
variability of the quasar between the optical and the near-IR 
runs. The colors are also very similar within the errors, except 
for I-J. 



Table 4. Photometry of the double QSO 





Bj 


R 


I 


J 


K' 


A 


19.47 


18.94 


18.48 


18.01 


16.96 


B 


20.71 


20.13 


19.62 


19.56 


18.47 


Am 


1.24 


1.19 


1.14 


1.55 


1.51 
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